Background: Polycystic ovarian syndrome (PCOS) is one of the most common endocrinopathies among reproductive-age women. Its metabolic features often overlap with those associated with metabolic syndrome (MS) and insulin resistance syndrome (IRS). The objective of this study was to determine the prevalence and predictors of MS and IRS in infertile Vietnamese women with PCOS. Methods: A cross-sectional study was conducted at a tertiary fertility centre at Hue University Hospital from June 2016 to November 2017. A total of 441 infertile women diagnosed with PCOS based on the revised 2003 Rotterdam consensus criteria were enrolled. MS and IRS were defined based on the National Heart, Lung, and Blood Institute/American Heart Association Adult Treatment Panel III 2005 and American College of Endocrinology IRS 2003 criteria, respectively. Complete clinical and biochemical measurements of 318 women were available for analysis. Independent predictors of MS and IRS were identified using multivariate logistic regression. Results: The overall prevalence of MS and IRS in women with PCOS was 10.4% and 27.0%, respectively. We identified older age (>30 years) and obesity as independent predictors of MS and IRS. Elevated anti-Müllerian hormone levels increased the risk of IRS, but not that of MS. Conclusion: MS and IRS are prevalent disorders among infertile Vietnamese women with PCOS. PCOS is not solely a reproductive problem. Screening and early intervention for MS and/or IRS based on anthropometric, metabolic, and reproductive hormone risk factors should be an integral part of fertility care.
INTRODUCTION
Polycystic ovarian syndrome (PCOS) is one of the most common endocrine disorders among women of reproductive age. Its prevalence ranges from 6% to 10% in unselected populations worldwide [1] . Infertility is a frequent presenting feature of PCOS, and roughly 90% to 95% of cases of anovulatory infertility are caused by PCOS [2] . Apart from reproductive abnormalities, PCOS is also commonly associated with disturbances in glucose and lipid metabolism. Cardiovascular disease (CVD) risk factors, including diabetes and dyslipidaemia, are more prevalent in women with PCOS than in age-and weightmatched women without PCOS [3, 4] . Obesity, when present as a comorbidity of PCOS, further compounds insulin resistance and CVD risks [5, 6] .
Although the aetiology of PCOS is not completely understood, evidence indicates that insulin resistance is intrinsically involved in the pathophysiology of PCOS. To overcome insulin resistance and to maintain adequate glucose uptake in the muscles and adipose tissues, compensatory hyperinsulinaemia occurs. This regulatory feedback mechanism preserves normoglycaemia. However, individuals with insulin resistance/hyperinsulinaemia remain at an increased risk for developing a cluster of physiological abnormalities, known as insulin resistance syndrome (IRS). These abnormalities include some degree of glucose intolerance, abnormal uric acid metabolism, dyslipidaemia, hypertension, endothelial dysfunction, chronic inflammation, and a prothrombotic state [7] .
The American College of Endocrinology (ACE) identified four major components that comprise IRS: (1) hypertriglyceridaemia, (2) reduced high density lipoprotein cholesterol (HDL-C), (3) hypertension, and (4) impaired glucose tolerance (IGT). It excludes patients with frank hyperglycaemia fulfilling the criteria for type 2 diabetes mellitus (T2DM). As such, the concept of IRS focuses on identifying high-risk individuals before T2DM and/or CVD occurs. Its clinical implications extend beyond cardiovascular consequences, including non-alcoholic fatty liver disease and certain forms of cancer [7] .
Metabolic syndrome (MS) is another cluster of metabolic abnormalities that identifies individuals at increased risk for CVD. Apart from sharing the first three components for IRS mentioned above, the National Heart, Lung, and Blood Institute/ American Heart Association (NHLBI/AHA) Adult Treatment Panel III (ATP III) 2005 guidelines include abdominal obesity as a diagnostic criterion for MS [8] . Unlike IRS, evidence of insulin resistance is not a requirement for diagnosing MS [7] .
Studies of the association between PCOS and insulin resistance have largely used the euglycaemic-hyperinsulinaemic clamp technique or surrogate markers for insulin sensitivity. Limited data have been reported on the prevalence of IRS based on the ACE 2003 criteria or other comparable working definitions of IRS [9] . In some reports, the term IRS is used interchangeably with MS, further confounding the controversy of their definition and clinical use. The present study examines MS and IRS as two distinct multicomponent syndromes. Our aim was to compare the prevalence and predictors of MS and IRS in a population of Vietnamese women presenting with infertility due to PCOS.
METHODS

Study design
This cross-sectional study was conducted at the Hue Center for Reproductive Endocrinology and Infertility, Hue University Hospital, Vietnam from June 2016 to November 2017. Consecutive women diagnosed with PCOS during this period were enrolled. The inclusion criteria were (1) women from 18 to 45 years of age and (2) at least 1 year of infertility. Anthropometric, metabolic, and reproductive hormone measurements were obtained. The study was approved by the Hue University of Medicine and Pharmacy Ethics Committee (approval number H2016/ 236). Informed written consent was obtained from all participants.
The height and weight of each subject were measured. Body mass index (BMI) was calculated as body weight in kilograms divided by the square of height in metres. Based on the Asianspecific classification for BMI status, BMI values were categorised as underweight (<18.5 kg/m 2 ), normal (18.5 to 22.9 kg/m 2 ), overweight (23.0 to 24.9 kg/m 2 ), and obese (≥25 kg/m 2 ). Waist and hip circumference were measured at the level of the umbilicus and symphysis pubis, respectively. Waist circumference (WC) was taken at the end of a normal expiration. Abdominal obesity was defined as a WC ≥80 cm and a waist-to-hip ratio (WHR) of 0.80 for Asian women. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured in the sitting position after a 5-minute rest.
Biochemical assays
Venous blood samples were collected in the morning after an overnight fast on the second or third day of the patient's spontaneous or progesterone-induced menstrual cycle. Each patient underwent a 2-hour oral glucose tolerance test (OGTT) following 75 g of glucose intake. Fasting glucose, OGTT, and lipid panel analyses including total cholesterol, triglycerides (TGs), HDL-C, and low density lipoprotein cholesterol (LDL-C) were performed using Roche/Hitachi Cobas C systems (Module CO-BAS 4000/6000, Roche Diagnostics, Indianapolis, IN, USA). Anti-Müllerian hormone (AMH), luteinising hormone (LH), follicle-stimulating hormone (FSH), oestradiol, total testosterone, and prolactin levels were assessed by electrochemiluminescence using Elecsys and Cobas E immunoassay analysers (Cobas 4000/6000). All measurements were performed at the Hue University Hospital laboratory following the manufacturer's instructions.
Definition of variables and outcomes
We defined MS using the NHLBI/AHA ATP III 2005 guidelines [8] . A diagnosis of MS was made when ≥3 of the following were present: [7] . Individuals with ≥2 of the following were considered to have IRS: (1) TG ≥1.7 mmol/L, (2) HDL-C <1.3 mmol/L, (3) BP ≥130/85 mm Hg, and (4) evidence of IGT, indicated by impaired fasting glucose 5.6 to 6.9 mmol/L and a glucose level of 7.8 to 11.0 mmol/L after a 2-hour OGTT.
The primary outcome of this study was the prevalence of MS and IRS, and the clustering of their components, in Vietnamese women with PCOS attending our infertility clinic. The secondary outcome was to identify risk factors that predicted the occurrence of MS and IRS in these women.
Statistical analysis
To estimate the sample size (n) required for this study, we used the equation n=Zα/2
, where α=0.05, Δ=0.05, and Zα/2=1.96. The expected prevalence, P, for MS and IRS was 18.2% and 14.2%, respectively [10] . The minimum sample size required to estimate the prevalence of MS in women with PCOS attending our infertility clinic was 229. At least 187 women with PCOS were required to estimate IRS prevalence. Descriptive statistics were used to determine the characteristics of the study population. Continuous variables between groups were compared using the independent-samples t test or the MannWhitney U test. To compare categorical variables, we used the chi-square test or the Fisher exact test, as appropriate. Multivariate logistic regression analysis was performed to test the associations of anthropometric and biochemical variables with MS and IRS. Results were expressed as odds ratios (ORs) with 95% confidence intervals (CIs) or 2-sided P values. A P<0.05 was considered to indicate statistical significance. Receiver operating characteristic (ROC) curves were generated for BMI, WC, and WHR. All analyses were performed using SPSS version 20.0 (IBM Co., Armonk, NY, USA).
RESULTS
From June 2016 to November 2017, a total of 441 women who fulfilled the Rotterdam diagnostic criteria for PCOS were enrolled in this study. Complete clinical and biochemical measurements were available for 318 women. The age of these women ranged from 19 to 42 years. Those with missing data (123 women) were excluded from our analyses. Compared with the women who did not meet the criteria for MS, those with MS had a significantly higher mean SBP, but not a significantly higher DBP. In contrast, both SBP and DBP were higher in women with IRS than in those without IRS. As expected, we found greater abnormalities in glucose and lipid metabolism among women with MS and IRS than in those without. These included higher mean TG and LDL-C levels, and lower mean HDL-C concentrations. Total cholesterol levels did not differ between each group. In general, women with MS and IRS had higher fasting and 2-hour postprandial glucose concentrations. Tables 2, 3 show the frequency of individual metabolic abnormalities. The overall prevalence of MS and IRS was 10.4% and 27.0%, respectively. In women with MS (Table 2) , the most common metabolic abnormality was low HDL-C (93.9%), followed by abdominal obesity (84.8%), hypertriglyceridaemia (78.8%), elevated fasting glucose (54.5%), and hypertension (18.2%). In women with IRS (Table 3) , the most frequent metabolic abnormality was low HDL-C (87.2%), followed by hypertriglyceridaemia and IGT (59.3% for each). The least common metabolic abnormality was hypertension (12.8%). More than Comparison was performed between PCOS women with and without MS using the chisquare test with asymptotic significance (2-sided) for continuity correction. 
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Characteristics of PCOS women with and without MS and IRS
Prevalence of MS, IRS, and individual metabolic abnormalities in PCOS women
Predictors of MS and IRS in PCOS women using logistic regression analysis
Using multivariate logistic regression ( 33) . The area under the ROC curves for BMI and WC were greater than that for WHR (Fig. 1) . Pairwise comparison showed no significant difference between the areas under the ROC curve for BMI and WC in predicting MS and IRS. These characteristics were demonstrated more in Fig. 2 .
In terms of the lipid profile, dyslipidaemia (hypertriglyceridaemia and low HDL-C) was the strongest predictor for MS and IRS, in contrast to high total cholesterol or LDL-C levels. Abnormal fasting glucose (≥5.6 mmol/L) was a stronger predictor for MS ( 100  90  80  70  60  50  40  30  20  10  0   100  90  80  70  60  50  40  30  20  10  0   100  90  80  70  60  50  40  30  20  10  0   100  90  80  70  60  50  40  30 www.e-enm.org 455 criteria, the prevalence of MS and IRS in Vietnamese women with PCOS was 10.4% and 27.0%, respectively. The prevalence of MS in this study was similar to that previously reported in Turkish women (10.3%) [11] . In contrast, the prevalence rates of MS in other Western and Asian countries were much higher: 26.0% in the USA [12] , 37.5% in India [13] , 24.9% in Hong Kong [14] , and 21.2% in Thailand [15] . These differences may be due to genetic and environmental factors such as diet, lifestyle, and the effects of ethnicity on disease phenotype. In the absence of epidemiological studies on IRS in PCOS women, we compared IGT data from studies that performed OGTT as an index of insulin resistance. The overall prevalence of IGT in our study was 23.6%. This figure is comparable to that reported in Hispanic (22.1%) [16] and Chinese (20.5%) [17] women with PCOS. The prevalence of IGT in women with PCOS was substantially higher in the USA (35.0%) [3] and India (34.8%) [18] , but lower in Australia (15.6%) [19] and the Mediterranean region (15.7%) [20] . Interestingly, IGT was detected in 13.6% of Thai women with PCOS living in Bangkok [21] , compared with 31.4% in Chiang Mai [22] , demonstrating that insulin sensitivity can vary widely in populations within the same country.
Predictors of MS and IRS using multivariate logistic regression analysis
Our study showed that age and obesity were significantly associated with an increased risk of MS and IRS, although age only appeared to be related to IRS, not MS. The ACE Position Statement on IRS advises that all individuals aged >40 years should be evaluated for IRS. A 2-hour OGTT is recommended when high-risk individuals (including women with PCOS and of nonCaucasian ethnicity) do not meet the other criteria for IRS [7] . Due to the small sample size of women over the age of 40 in our study, we are unable to comment about whether routine OGTT would be useful in this age group.
We found BMI, WC, and WHR to be independent predictors for MS and IRS. Our results showed that BMI and WC were more strongly associated with MS and IRS than WHR, and BMI was as sensitive as WC for predicting MS and IRS. Populationbased studies have reported inconsistent findings regarding the relative usefulness of different obesity indices in identifying individuals at increased risk for developing insulin resistance, IGT, T2DM, and other CVD risk factors. WC is a more accurate indicator of abdominal visceral fat than BMI [23] . However, it is not uniformly used in clinical practice and may be susceptible to measurement errors [24] . Statistically, BMI has a strong positive correlation with WC, with a correlation coefficient of approximately 0.8 [23] . As such, BMI may be considered a simple and appropriate surrogate for assessing CVD risk.
Women with PCOS have significantly higher AMH levels than those without PCOS [25] . We found a 42% increase in the odds for MS when AMH levels exceeded 36.8 pmol/L, although this was not statistically significant. However, we found elevated AMH levels to be a significant determinant of IRS. Studies examining the role of AMH in cardiovascular risk have produced mixed results. One study reported an inverse relationship between AMH and MS, with an 11% increased risk for MS per unit reduction in AMH [26] . Another study showed a significant positive correlation between insulin resistance and AMH levels [27] while two others reported no relationship between AMH levels and insulin resistance [28, 29] .
Strengths and limitations
The strength of our study lies in its prospective, cross-sectional design and consecutive sampling method. In addition, this is the first epidemiological study to describe the metabolic profile of women with PCOS in Vietnam. To date, local epidemiological studies for MS have only included female adolescents [30] and middle-aged women (aged 40 to 64 years) from the general population [31] , or women with rheumatoid arthritis [32] . Therefore, our study provides valuable information on the prevalence and distribution of the metabolic components of MS and IRS in reproductive-aged women with PCOS in this country.
The main limitation of our study was the absence of an ageand BMI-matched non-PCOS control group. We also did not adjust for confounding factors such as smoking, alcohol intake, or family history of T2DM. In addition, the possibility of selection bias cannot be ruled out. This was a single-centre study with a small sample size. Only women with PCOS who presented to our fertility clinic were assessed. Therefore, the findings from this study should not be generalized to women with PCOS without fertility problems or post-menopausal women.
Clinical implications of screening for MS versus IRS
MS and IRS should not be considered synonymous, as several important distinctions exist between these conditions. Firstly, the ATP III criteria for MS lack sufficient sensitivity for identifying insulin resistant individuals [33] . Secondly, obesity is seen as a risk factor rather than as a criterion for IRS [7] . Our results indicate that approximately 27.3% of obese women did not have IRS, and 81.4% of women with IRS were non-obese. These findings support the view that insulin resistance is inde-Copyright © 2018 Korean Endocrine Society pendent of obesity in women with PCOS [34] . Last but not least, lean women with PCOS can have normal fasting glucose levels despite being insulin resistant. Compensatory hyperinsulinemia becomes evident only in response to an oral glucose challenge [35] . The 2-hour OGTT can be a valuable tool for detecting insulin resistance in these women. Within the entire cohort of our study, the MS criterion for fasting glucose identified 43 women with dysglycaemia compared with 75 women after an oral glucose challenge. Cost-benefit analyses are needed to determine if the additional effort needed for OGTT justifies its routine use in Asian women with PCOS, particularly in countries where healthcare resources are limited, such as Vietnam.
In conclusion, the prevalence of MS among women with PCOS in Vietnam was found to be low compared to other countries. The proportion of women who had IRS was 2-to 3-fold greater than that of women with MS. Physicians need to be aware that the complications of PCOS extend beyond reproductive implications. Given the high prevalence of IRS in nonobese Vietnamese women with PCOS, this specific group of women should receive further metabolic evaluations. Early recognition of IRS may provide the advantage of enabling intensified interventions to slow or halt the progression to T2DM and CVD. We identified WC and BMI as the strongest anthropometric predictors for MS and IRS, respectively. Another independent predictor for MS and IRS was age ≥30 years; AMH was the only biochemical predictor for IRS. The presence of one or more of these risk factors may be used as an indication to assess a patient for the co-existing metabolic abnormalities that comprise IRS. Preventive measures including patient education, lifestyle modification, and timely initiation of pharmacological treatment in these women should be considered an integral part of fertility care. Long-term prospective studies are needed to determine whether intensified interventions targeting metabolic risk factors will translate into clinically meaningful reductions of T2DM and CVD in women with PCOS.
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